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With an incidence of about 1 in every 700
live births, Down syndrome (DS) is the
most common chromosomal abnormality,
and it is estimated that over 200 000 indi-
viduals with DS are currently present in
the US population. Clinicians have long
known that among their many medical
problems, persons with DS are at higher
risk for severe illness due to infection, and
the underlying reasons for this are already
proving to be diverse. Interferon responses,
particularly type I, during viral infections
are key factors in determining the severity
of disease [1], and chromosome21 includes
genes for all 3 types of interferon receptors
(type I, IFNAR1 and IFNAR2; type II,
IFNGR2; and type III, IL10RB). Studies fo-
cusedon interferon signaling inDSpatients
have suggested thatmanyhaveamild inter-
feronopathy with elevated receptor gene
transcription and receptor expression [2].
In contrast to the increased risk incurred
by individuals who have deficient interfer-
on responses [3], patients with DS may re-
spond with overly exuberant interferon
responses [4].

In addition to the direct effect on cyto-
kine production and receptor signaling

conferred by a gene dosage effect in triso-
my 21, the size, structure, and function of
the thymus, the essential organ for T-cell
differentiation and central tolerance,
have been shown to be abnormal in per-
sons with DS, which results in quantitative
and qualitative defects in T-cell produc-
tion and function [5]. The resulting im-
mune dysregulation predictably can
result in immunodeficiency with in-
creased susceptibility to infection as well
as autoimmunity. However, as with other
functional aspects in DS, the degree of im-
mune dysregulation/immunodeficiency is
quite variable. Whether antibody respons-
es both to natural infection and to immu-
nization are normal in persons with DS
has been controversial, with some studies
demonstrating decreased responses and
others finding no difference from individ-
uals withoutDS [6]. One study document-
ed subtle abnormalities in T- and B-cell
subsets in subjects with DS with no differ-
ence in T-dependent (influenza vaccine)
antibody responses but somewhat re-
duced T-independent (pneumococcal
polysaccharide vaccine) antibody respons-
es. Unfortunately, comprehensive studies
of this type are vanishingly rare [7].
Cliniciansneedbetter data regarding the

risk for severe disease that theirDSpatients
face during severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infec-
tion. In this issue of The Journal of
Infectious Diseases, there are 2 reports
that add to the accumulating information
that such patients need special attention
and support. The first, by Ku et al [8], re-
ports the results of a large,matched cohort

study from the prevaccine period in the
SARS-CoV-2 pandemic. The authors
studied the course ofnatural infection in in-
dividuals with DS and control subjects
matched 1:4 by age, sex, race, and ethnicity
using the electronic health record of Kaiser
Permanente Southern California. The sub-
jects, bothwith andwithoutDS,weremain-
ly young adults with amean age of 27 years.
The large size of the Kaiser Permanente pa-
tient database permitted close matching of
theDS individuals and controlswith regard
to all variables and comorbidities. Over the
observation period in these 2 large groups,
142 of 2541 subjects with DS and 695 of
19 164 controls acquired SARS-CoV-2 in-
fection. The results demonstrate that while
the risk of infection was about one-third
lower in subjects with DS, possibly due to
increased caregiver precautions including
isolation, the risk of severe disease includ-
ing death following SARS-CoV-2 infection
was 6-fold higher. Despite the complex
phenotype of persons with DS, which often
includes multiple comorbidities, these re-
sults indicate increased susceptibility to se-
vere infection that is not dependent upon
these additional health issues.
The principal criticism that could be

raised in the study by Ku et al [8], among
those discussed by the authors, is that per-
sons with DS frequently have a variety of
other health issues such as cardiovascular
disease and diabetes, which are independent
risk factors for more severe SARS-CoV-2
disease. The authors included and con-
trolled for many baseline comorbidities in
their multivariable analyses, which helps
to minimize these possible confounding
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factors. The large size of their study and
the comprehensive matching with the
control group considerably strengthen
their conclusions.

A mild deficiency in the antibody re-
sponse to SARS-CoV-2 vaccinationbyper-
sons with DS has been reported in 2 recent
studies, both examining the antibody re-
sponses using the BNT162b2 mRNA vac-
cine in 40 adult individuals with DS
compared to healthy controls [9, 10]. The
study in this issue by Streng et al [11],
which was conducted in the Netherlands
as part of the Dutch national immunization
program, is a larger study that examines the
antibody response to mRNA vaccine
(BNT162b2 or mRNA-1273) or adenoviral
vector-based vaccine (ChAdOx1) in 214
adults with DS with 93 healthy adult con-
trols. Antibody titers were collected up to
2 months prior to the first vaccine dose, at
21–28 days after the first vaccine dose, and
28 days after the second vaccine dose for
the mRNA vaccines. Individuals with evi-
dence of prior infection (antispike protein
antibody at the first time point or antinu-
cleocapsid antibody at the second or third
time points) were excluded from analysis.
All subjects produced a positive response
to the vaccine as determined using a previ-
ously established cutoff, but the subjects
withDSproducedon average lower postim-
munization antibody titers than the control
group after 2 doses of the mRNA vaccines
(BNT162b2/mRNA-1273) or the
ChAdOx1 vaccine. Interestingly, the anti-
body titers produced by the individuals
with DS also declined significantly with
the age of the subjects, producing a widen-
ing of the difference between the means in
older subjects, something not seen in the
control group.

As discussed by Streng et al [11], the
matching of DS subjects to controls was
less than optimal with the control group
including a significantly higher proportion
of women. However, the strength of the
study lies in its relatively large size, which
enabled them to assess the response to
both the mRNA and adenovirus vector
vaccines. In assessing the response to im-
munization in persons with DS, it would

be interesting in future studies, in addition
to measuring serologic responses (includ-
ing measurement of neutralizing anti-
body), to examine other immunologic
parameters, including T-cell numbers and
subsets, antigen-specific T-cell responses,
and immunoglobulin levels, and how those
may correlate with the age of the subjects
and durability of the response compared
to a well-matched control group.
Accelerated immunologic senescence has
been documented in patients with DS
[12], and it is likely that the reason postim-
munization antibody titers differed in-
creasingly from controls with increasing
age is dependent on this phenomenon.
Together, these 2 studies present, first,

a strong dataset indicating increased vul-
nerability of individuals with DS to
COVID-19 disease and, second, a likely
explanation for at least part of that in-
creased susceptibility—deficient humor-
al response to immunization in a subset
of DS patients. As with other aspects of
their genetic condition, individual im-
mune responses to immunization among
persons with DS appear to vary widely,
with some essentially indistinguishable
from normal. However, some of these in-
dividuals exhibit a deficiency in their
adaptive immune responses, which is
likely more pronounced during the
course of natural infection compared to
the relatively potent effects of a synthetic
vaccine and also likely much more defi-
cient in older patients. More research is
needed to better understand the underly-
ing mechanisms responsible for this defi-
ciency, and, more important from the
patient’s viewpoint, to devise improved
prophylactic and therapeutic measures.
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